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Abstract  
The main objective of this study is to investigate and optimize the hole roundness when drilling a micro hole diameter 0.80 mm 
on AISI 304 austenitic stainless steel using solid carbide micro drill. There are three machining parameter of this experiment 
which is spindle speed, feed rate and depth of cut. An experiment plan with 23 factorial design single replication plus three center 
point was executed. The hole roundness measurement were carried out using CMM Mitutoyo Beyond Crista C7106 that 
equipped with Renishaw PH10T with low force TP200 stylus module. The analysis of optimum parameter using design expert 
software and conclude that the most significant factor affected to the hole roundness is spindle speed and feed rate. The R2 value 
0.9964 is high and "Pred R-Squared" value 0.9821 also in reasonable agreement with the "Adj R-Squared" of 0.9920. The 
optimum result could be achieved when the spindle speed; feed rate and depth of cut at low level. 
© 2015 The Authors. Published by Elsevier B.V. 
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Keywords: Hole roundness; Microdrilling; AISI 304 Austenitic Stainless Steel; DOE  
1. Introduction 
Drilling is the most common metal cutting process for producing holes from many materials. One notable drilling 
technology, micro-hole drilling is becoming increasingly more prominent in various precision industries. Several 
methods exist for making micro holes, mechanical micro-drilling is widely used because it can produce holes with 
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good roundness, straightness, and surface roughness in a short processing time [1].  
The AISI 304 austenitic stainless steel is widely used in product manufacturing because it presents a very good 
forming capacity, an excellent resistance to corrosion and a high ductility. Austenitic stainless steels are generally 
more difficult to machine than carbon or low alloy steel. They bond very strongly to the tool during cutting and this 
bonding is more obvious than when cutting other steels because the chips often remain stuck to the tool after cutting 
[2]. Austenitic stainless steel is amongst the difficult to cut material and the difficulties such as poor surface finish 
and rapid tool wear are common [3].  
 Nowadays, an increasing in the production of micro drilling product has required effective machine parameter 
setting to get drilling accuracy, drilling efficiency and longer micro drills tool life. The micro drill tools play a 
critical role in increasing the productivity of a cutting process [4]. Although the price of a cutting tool itself is 
relatively low, the costs caused by tool failures are considerably higher. Therefore, from the viewpoint of cost and 
productivity, modelling and optimization of micro drilling processes are relatively important for the manufacturing 
industry. The poor removal of chips in deep drilling of small diameter is often the cause of tool breakage and poor 
quality surface especially in a difficult to cut material. 
 In drilling operation, the high quality of hole can be judged on the roundness, cylindricity and surface 
condition.  Good surface finish can prevent fatigue failure, improve corrosion resistance, reduce friction, wear and 
finally improve the product life. Besides that, the quality of surface finish is useful in diagnosing the condition of 
machining process, where are deteriorating surface finish may indicate wrong selection of cutting speed, progressive 
tool wear, cutting tool chatter, etc.  
Design of experiment methods is widely used in experiment approaches to get the optimum setting for improving 
productivity and quality product. Elajrami et. al [5] have studied the effect of drilling parameters on hole quality  in 
aluminium alloy 2024-T3.  Two metrics were measured to define holes quality: surface roughness, holes conicality. 
The results obtained show that the hole quality improving corresponds at a high rotational speed with a low feed 
rate. Gaitonde et. al [6] have investigated on hole quality and machinability characteristics in drilling of 
unreinforced and reinforced polyamides. The hole quality could be improved by employing higher spindle speed 
values with low values of feed rate and point angle during drilling. 
This study will apply design of experiment method to determine the optimum cutting parameter setting to get the 
optimum holes roundness. 
2. Drilling experiments 
In this study, AISI 304 austenitic stainless steel was chosen as the work material. The block size of work pieces is 
100 x 37 x 5 mm for length, width and thickness. There are three cutting parameters considered which is spindle 
speed, feed rate and depth of cut.  In this experiment, each parameter has two levels (23 full factorial designs), three 
center points were used and single replication on the factorial point. So, this experiment consists of 8 two levels 
factorial and 3 centre points, total of experiments are 11. 
 
 Table 1: Machining parameter  
 
 Factor / Level Centre Point Low level High Level 
A - spindle speed (rpm) 
B - feed rate (mm/min) 
C - depth of cut (mm) 
6500 
75 
0.15 
5000 
60 
0.10 
8000 
80 
0.20 
 
 The experiment was carried out using LITZ LV 1100 CNC Milling Machine. Mitsubishi MSE0080SB solid 
carbide twist drill diameter 0.80 mm are used as cutting tools. All the drilling experiments are performed in peck 
drill motion and under wet cutting condition.  Diameter accuracy and hole roundness measurement were carried out 
using CMM Mitutoyo Beyond Crista C7106 and equipped with Renishaw PH10T with low force TP200 stylus 
module (small diameter stylus balls less than 1 mm). 
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3. Result and discussion 
This study focuses on the holes roundness assessment. Table 2 shows the result for the various stated 
experimental conditions. The test for significance of the regression model, individual model and test for lack of fit 
for hole roundness already performed and shows the ANOVA result on the Figure 1. From the ANOVA table, the 
value of “Prob>F” less than 0.05 indicated the model as significant at 95% of confidence level. The two factors 
interaction AC is the most significant and follows by AC, AB, C and B that contribute to the hole roundness.  The 
data are fit to models, the “Lack of fit F-value” of 0.27 implies that the lack of fit is not significant relative to the 
pure error.  
The R2 value is 0.9964 is high and almost reaching value of 1, thus indicated that the variation in the process is 
controlled.  The different of adjusted R2 and predicted R2 should be within approximately 0.20 of each other to be in 
reasonable agreement. The "Pred R-Squared" value is 0.9821 also in reasonable agreement with the "Adj R-
Squared" of 0.9920. Adequate precision is a measure of the range in predicted response relative to its associated 
error. Adequate precision also indicates an adequate signal, where the ratio obtains was 42.259. The desired value is 
4 or above.  
Figure 2 shows the graph of interaction factor between spindle speed and depth of cut. As can be seen from the 
graph, the effect of depth of cut (C) is less significant at high level of spindle speed (A). The hole roundness is 
decreasing nearest to zero when depth of cut increases and spindle speed decreases. Moreover, the effect of depth of 
cut (C) also less significant at high level of feed rate (B). From the cube graph at Figure 3, it shows three factors 
combine to affect the responses. It can deduce that the minimum hole roundness at A low, B low and C low with 
predicted value of 0.000125.  
 
 Table 2: Result of experiments 
 
Spindle speed (rpm) Feed rate (mm/min) Depth of cut (mm) Hole roundness 
5000 
8000 
5000 
8000 
5000 
8000 
5000 
8000 
6500 
6500 
6500 
60 
60 
80 
80 
60 
60 
80 
80 
75 
75 
75 
0.10 
0.10 
0.10 
0.10 
0.20 
0.20 
0.20 
0.20 
0.15 
0.15 
0.15 
0.0001 
0.0003 
0.0002 
0.0026 
0.0042 
0.0002 
0.0001 
0.0018 
0.0007 
0.0006 
0.0009 
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Figure 1: ANOVA table for hole roundness 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Interaction graph for holes roundness relative to the spindle speed (left) and the feed rate (right) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Cube graph for holes roundness 
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4. Conclusion 
The objective of this study to find the effect of drilling parameter on diameter accuracy and hole roundness of 
solid carbide 0.80 mm micro drill on AISI304 austenitic stainless steel is achieved. Base on the result of experiment, 
the following conclusions can be drawn; 
x The most significant factor affected to the hole roundness is interaction factor between spindle speed (A) - feed 
rate (B); follow by feed rate (B) - depth of cut (C); and spindle speed (A) - depth of cut (C). 
x The effect of depth of cut is less significant at high level of spindle speed. 
x Increasing feed rate when depth of cut at low level will be increasing the hole accuracy. 
x Better holes roundness corresponds to a low spindle speed (A low); low feed rate (B low) and a low feed rate          
(C low). 
  This conclusion presented may be used onto improving the hole roundness when drilling micro hole which is 
less than 1 mm diameter.  
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